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(54) HYBRID POWERED VEHICLE HAVING SELF-IGNITION TYPE GASOLINE ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively increase 
intake temperature up to a value required for causing 
self-ignition of an engine. 

SOLUTION: This hybrid powered vehicle has a first 
intake chamber 1 1 and a second intake chamber 12 on 
an upstream side of an intake passage of a self ignition 
gasoline engine 1 f a heater exchanger 15 and/or 18 for 
absorbing waste heat of the engine 1, etc., and supplying 
it to the chamber 11. In order to self-ignite the engine 1, 
the intake air is once heated by the waste heat in the 
chamber 1 1, and further heated in the second chamber 
12 by the use of a heater 13. It is thus possible to 
effectively increase the intake temperature up to the 
value required for causing self ignition of the engine. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] In the hybrid car with which it has a self-ignition mold gasoline engine, a motor 
generator, and the dc-battery that drives a motor generator, and the output torque of said 
engine and motor generator is transmitted to a driving wheel through a change gear The 1st 
chamber and 2nd chamber which were prepared in the inhalation-of-air path upstream of said 
engine at the serial, A means to absorb at least one waste heat among said engine, a motor 
generator, and a change gear, The hybrid car characterized by having a means to lead this 
absorbed waste heat to said 1st chamber, and to raise the intake-air temperature in the 1st 
chamber, and a means to raise the intake-air temperature in said 2nd chamber using the 
electrical energy supplied from said dc-battery. 

[Claim 2] In the hybrid car with which it has a self-ignition mold gasoline engine, a motor 
generator, and the dc-battery that drives a motor generator, and the output torque of said 
engine and motor generator is transmitted to a driving wheel through a change gear The chamber 
prepared in the inhalation-of-air path upstream of said engine, and a means to absorb at least 
one waste heat among said engine, a motor generator, and a change gear, The hybrid car 
characterized by having a means to lead this absorbed waste heat to said chamber, and to raise 
the intake-air temperature in said chamber, and a means to raise the intake-air temperature in 
said chamber using the electrical energy supplied from said dc-battery. 

[Claim 3] The hybrid car according to claim 1 characterized by constituting so that said bypass 
valve may be opened by the service condition which it has [ service condition ] the bypass path 
which bypasses said two chambers and introduces inhalation of air, and the bypass valve which 
open and close this bypass path, and carries out jump-spark-ignition operation of said engine. 
[Claim 4] The hybrid car according to claim 2 characterized by constituting so that said bypass 
valve may be opened by the service condition which it has [ service condition ] the bypass path 
which bypasses said chamber and introduces inhalation of air, and the bypass valve which open 
and close this bypass path, and carries out jump-spark-ignition operation of said engine. 
[Claim 5] The hybrid car according to claim 1 or 2 characterized by constituting so that it may 
have the jump-spark-ignition mold gasoline engine or diesel power plant which that output 
torque is delivered to said change gear with said self-ignition mold gasoline engine and the waste 
heat of the jump-spark-ignition mold gasoline engine of a parenthesis or a diesel power plant 
may be absorbed with a means to absorb said waste heat. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the hybrid car equipped with the self-ignition 

mold gasoline engine and the motor generator as a source of driving force. 

[0002] 

[Description of the Prior Art] Also in the engine which uses a gasoline as a fuel, if a compression 
ratio is raised, it is known that self-ignition operation is possible like a diesel power plant (the 
gasoline engine which performs such self-ignition operation is hereafter called a "self-ignition 
mold gasoline engine"). 

[0003] Since a NOx discharge is little [ and ] high thermal efficiency very much compared with a 
diesel power plant, this self-ignition mold gasoline engine has the description that specific fuel 
consumption is also very good, in JP,10-23606,A, applies such a self-ignition mold gasoline 
engine to a hybrid car, and is raising further that exhaust air clarification engine performance and 
a fuel economy. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, if gaseous mixture is too thinner than the 
Lean limitation, firing will become difficult, and if this self-ignition mold gasoline engine is too 
deeper than a rich limitation, it will produce knocking, and since this Lean limitation and rich 
limitation are moreover close, it has the fault that the field in which self-ignition operation is 
possible is narrow (refer to drawing 2 ). Although it can be improved by this by raising an intake- 
air temperature, there is only description of raising an intake-air temperature to the above- 
mentioned conventional example, and the concrete approach is not shown. 
[0005] Although there is a method of arranging an exhaust pipe near the inlet pipe, supplying 
exhaust air heat to inhalation of air, and raising an intake-air temperature as an approach of 
raising an intake-air temperature here as it is in JP,5-77875,A, it is difficult to raise an intake-air 
temperature to temperature (before or after 100 degrees C) required so highly [ the exhaust-gas 
temperature of a self-ignition mold gasoline engine ] for a gasoline to carry out self-ignition. 
[0006] Moreover, a heater is driven using the dc-battery of 12V for automobiles, heating 
inhalation of air is considered and this approach is also known by that it is not enough to raise 
an intake-air temperature even to an elevated temperature. 

[0007] This invention is made in view of the trouble of the above-mentioned conventional 
technique, and aims at raising efficiently an intake-air temperature required causing self-ignition 
to temperature in the hybrid car equipped with the self-ignition mold gasoline engine. 
[0008] 

[Means for Solving the Problem] The 1st invention A self-ignition mold gasoline engine and a 
motor generator, In the hybrid car with which it has the dc-battery which drives a motor 
generator, and the output torque of said engine and motor generator is transmitted to a driving 
wheel through a change gear The 1st chamber and 2nd chamber which were prepared in the 
inhalation-of-air path upstream of said engine at the serial, A means to absorb at least one 
waste heat among said engine, a motor generator, and a change gear, This absorbed waste heat 
is led to said 1st chamber, and it is characterized by having a means to raise the intake-air 
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temperature in the 1st chamber, and a means to raise the intake-air temperature in said 2nd 
chamber using the electrical energy supplied from said dc-battery. 

[0009] The 2nd invention A self-ignition mold gasoline engine and a motor generator, In the 
hybrid car with which it has the dc-battery which drives a motor generator, and the output 
torque of said engine and motor generator is transmitted to a driving wheel through a change 
gear The chamber prepared in the inhalation-of-air path upstream of said engine, and a means to 
absorb at least one waste heat among said engine, a motor generator, and a change gear, This 
absorbed waste heat is led to said chamber, and it is characterized by having a means to raise 
the intake-air temperature in said chamber, and a means to raise the intake-air temperature in 
said chamber using the electrical energy supplied from said dc-battery. 

[0010] In the 1st invention, the 3rd invention is equipped with the bypass path which bypasses 

said two chambers and introduces inhalation of air, and the bypass valve which open and close 

this bypass path, and is characterized by constituting so that said bypass valve may be opened 

by the service condition which carries out jump-spark-ignition operation of said engine. 

[001 1] In the 2nd invention, the 4th invention is equipped with the bypass path which bypasses 

said chamber and introduces inhalation of air, and the bypass valve which open and close this 

bypass path, and is characterized by constituting so that said bypass valve may be opened by 

the service condition which carries out jump-spark-ignition operation of said engine. 

[0012] In the 1st or 2nd invention, the 5th invention is equipped with the jump-spark-ignition 

mold gasoline engine or diesel power plant which that output torque is delivered to said change 

gear with said self-ignition mold gasoline engine, and is characterized by constituting so that the 

waste heat of the jump-spark-ignition mold gasoline engine of a parenthesis or a diesel power 

plant may be absorbed with a means to absorb said waste heat. 

[0013] 

[Function and Effect] According to the 1st invention, in case self-ignition operation of the engine 
is carried out, inhalation of air is heated using the waste heat from an engine etc., and the 
electrical energy from the dc-battery for motor generator actuation. Thereby, a gasoline engine 
can raise an intake-air temperature to the temperature in which self-ignition operation is 
possible. 

[0014] By having considered the inhalation of air once especially heated with the waste heat 
from an engine etc. in the 1st chamber as the configuration further heated from a heating heater 
etc. in the 2nd chamber which can be prepared apart from the 1st chamber, it can prevent that 
the heat supplied from a heating heater escapes to a waste heat side, and an intake-air 
temperature can be raised as it is also at high effectiveness. 

[0015] Moreover, a gasoline engine can raise an intake-air temperature also by 2nd invention to 
the temperature in which self-ignition operation is possible. An equipment configuration can be 
simplified although temperature-up effectiveness falls a little compared with the 1st invention. 
[0016] Moreover, according to the 3rd and 4th invention, in case jump-spark-ignition operation 
of the engine is carried out with an ignition plug, a bypass valve can be opened, low-temperature 
inhalation of air can be supplied to an engine without a chamber, and generating of knocking can 
be prevented. 

[0017] Moreover, according to the 5th invention, in addition to said engine (the 1st engine), self- 
ignition operation of the 1st engine can be carried out by using the waste heat obtained by 
driving this 2nd engine, and the waste heat of a motor generator, and performing inhalation-of- 
air heating using a heating heater further by having had the diesel power plant and the general 
jump-spark-ignition mold gasoline engine as the 2nd engine. 
[0018] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
based on an accompanying drawing. 

[0019] Drawing 1 shows the outline configuration of the hybrid car with which this invention is 
applied, and this hybrid car is equipped with the self-ignition mold gasoline engine 1 and a motor 
generator 3 as a source of driving force, and has the composition that those output torques are 
transmitted to a driving wheel 6 through the epicyclic gear device 4 and a nonstep variable 
speed gear (the following, "CVT ) 5. 
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[0020] The dc-batteries 9 of high tension and high capacity (a lithium ion dc-battery, nickel- 
hydrogen battery, etc.) are connected to the motor generator 3, and while a motor generator 3 
carries out motorised [ of the car ] on the electrical potential difference from a dc-battery 9, it 
performs regenerative braking on the time of braking, or a downward slope. Moreover, while the 
charging rate of a dc-battery 9 is becoming low, it drives with an engine 1, and a dc-battery 9 is 
charged with the generated electrical energy. 

[0021] The 1st chamber 1 1 and the 2nd chamber 12 are formed in the inhalation-of-air path of 
an engine 1 sequentially from the upstream at the serial, and the supercharger 10 which 
supercharges inhalation air if needed is formed in the upstream of the 1st chamber 1 1. Although 
a supercharger 10 is a turbocharger here, it could be replaced with this and may be equipped 
with the supercharger etc. Moreover, the engine 1 is equipped with adjustable valve timing 
devices, such as a solenoid-valve type bulb system which can control valve timing. 
[0022] The heat exchanger 15 is attached in the 1st chamber 11, and heat exchangers 16, 17, 
and 18 are attached also in the engine 1, the motor generator 3, and CVT5, respectively. 
[0023] If a pump is driven while it connects with the heat exchanger 15 through the waste heat 
control units P2, PI, and P3 which consist of a pump and a bulb, respectively and heat 
exchangers 16, 17, and 18 open the bulb of the waste heat control units P2, PI, and P3, the 
waste heat absorbed by heat exchangers 16, 17, and 18 is supplied to a heat exchanger 15, and 
they have the composition that the inhalation of air in the 1st chamber 1 1 is heated. 
[0024] Moreover, the heating heater 13 driven with the electrical energy from a dc-battery 9 is 
attached in the 2nd chamber 12, and if a switch S1 is turned ON, the inhalation of air in the 2nd 
chamber 12 will be heated at the heating heater 13. 

[0025] Moreover, it is detected by the sensor which an oil temperature TCVT, the charging rate 
X of a dc-battery 9, the vehicle speed V, the accelerator control input alpha, etc. of the intake- 
air temperature TC 1 in the 1st chamber 11, the intake-air temperature TC 2 in the 2nd 
chamber 12, the circulating water temperature TICE of an engine 1, and the circulating water 
temperatures TMG and CVT5 of a motor generator 3 do not illustrate, and is inputted into a 
controller 8. A controller 8 controls the above-mentioned engine 1, a motor generator 3, CVT5, a 
switch S1 and the waste heat control units P1 and P2, and P3 grade based on such information. 
[0026] Here, since the engine 1 is a selfHgnition mold gasoline engine as it was mentioned above, 
when gaseous mixture is deeper than a rich limitation, knocking occurs, and when gaseous 
mixture is thinner than the Lean limitation, the flame failure of it will be carried out. Although 
between these Lean limitation and rich limitations serves as a field in which self-ignition 
operation is possible, as shown in drawing 2 , when this field has a low intake-air temperature, it 
is narrow. 

[0027] So, in case self-ignition operation of the engine 1 is carried out, an intake-air 
temperature is raised using the waste heat of an engine 1, a motor generator 3, and CVT5, and 
the heat from the heating heater 13, and an engine 1 makes the field in which self-ignition 
operation is possible expand in this invention. 

[0028] The outline of an engine 1 and the control pattern of a motor generator 3 is shown in 
drawing 3 here. As shown in this drawing, a control pattern is changed according to the 
accelerator control input alpha, i.e., an operators demand torque, and actuation (self-ignition 
operation or jump-spark-ignition operation) according [ "ICE" ] to an engine 1 and "MG" mean 
actuation by the motor generator 3 among drawing. For example, it means driving a car also by 
self-ignition operation of an engine 1 at the time of alphas which the accelerator control input 
alpha shows by the drawing Nakaya mark, driving a car by the motor generator 3. 
[0029] Hereafter, referring to this drawing 3 , a case is divided with the magnitude of the 
accelerator control input alpha, and an engine 1 and the control pattern of a motor generator 3 
are explained. 

[0030] - In alpha<alpha 1, drive a motor generator 3 with the electrical energy to which the 
accelerator control input alpha is supplied from a dc-battery 9 at the time of low loading when 
smaller than the predetermined value alpha 1, and drive a car. 

[0031] - In alpha 1 <= alpha<=alpha 2, in addition to actuation according [ the accelerator control 
input alpha ] to a motor generator 3 in the case between the predetermined value alpha 1 and 
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the predetermined value alpha 2, at i.e., the time of an inside load, drive a car also by the output 
torque of an engine 1. At this time, in order that an engine 1 may not start an engine 1 if its 
intake-air temperature is low although it performs compressed self-ignition operation, when an 
intake-air temperature is low, first, it receives the waste heat from motor generator 3 grade, and 
raises the intake-air temperature TC 1 in the 1st chamber 1 1. For example, if the motor 
circulating water temperature TMG or the CVT oil temperature TCVT is higher than the intake- 
air temperature TC 1 in the 1st chamber, while driving the pump of the waste heat control units 
P1 and P3, a bulb will be released, and the intake-air temperature in the 1st chamber 1 1 will be 
raised at 40-50 degrees C. 

[0032] If the intake-air temperature in the 1st chamber 1 1 rises to 40-50 degrees C, shortly, the 
heating heater 13 will be worked and the intake-air temperature TC 2 in the 2nd chamber will be 
raised at a stretch even before and after 100 degrees C. Thus, since the intake-air temperature 
is beforehand gone up with waste heat, an intake-air temperature can be efficiently raised by 
considering as the configuration which carries out temperature up further at the heating heater 
13. 

[0033] And if the intake-air temperature TC 2 in the 2nd chamber rises to predetermined 
temperature, self-ignition operation of an engine 1 will be started. In addition, when hard-pressed 
in time, you may make it raise charge pressure temporarily. If charge pressure is raised, the 
temperature of the inhalation of air which passes a supercharger 10 can rise, and an intake-air 
temperature can be raised to the inside of a short time. 

[0034] - When the accelerator control input alpha is more than predetermined value alpha2 in 
alpha2 <=alpha, control the valve timing of an engine 1 to a low compression ratio side at the 
time of a heavy load, and it makes the usual jump-spark-ignition operation by the ignition plug 
perform in an engine 1, while suspending heating control of inhalation of air and suppressing 
decline in a volume charging efficiency. 

[0035] If a flow chart shows the above content, it will become like drawing 4 . This flow is 
performed in a controller 8. 

[0036] If this is explained, first, a controller 8 will read the accelerator control input alpha (step 
S1 1), and will perform the comparison with the accelerator control input alpha and the 
predetermined values alphal and alpha2, and the comparison with the dc-battery charge X and 
the predetermined value X0 (steps S12, S13, and S14). 

[0037] At this time, if the accelerator control input alpha is smaller than the predetermined value 
alpha 1 and the dc-battery charge X is larger than the predetermined value X0, it will progress to 
step S15 and a car will be driven only by the motor generator 3. Thus, demand driving force is 
small, and when the charge of a dc-battery 9 is also enough, bleedoff of exhaust gas can be 
suppressed by making it drive a car only by the motor generator 3. 

[0038] Even if the accelerator control input alpha is smaller than the predetermined value alpha 
1, if the dc-battery charge X is smaller than the predetermined value X0, it will progress after 
step S16. The pump of the waste heat control units P1, P2, and P3 is turned ON, while supplying 
waste heat to a chamber 1 1, the heating heater 13 is turned ON, an intake-air temperature is 
raised to the temperature in which self-ignition is possible, and self-ignition operation of an 
engine 1 is started (steps S16, S1 7, and S18). And a motor generator 3 is made to generate 
electricity by excessive engine revolution, and charge of a dc-battery 9 is also performed (step 
S19). 

[0039] When smaller than the predetermined value alpha 2, while it is larger than the 
predetermined value alpha 1, and the accelerator control input alpha progresses after step S20, 
turns ON the pump of the waste heat control units PI, P2, and P3 and supplies waste heat to a 
chamber 1 1, the heating heater 13 is turned ON, and an intake-air temperature is raised (steps 
S20 and S21). And self-ignition operation of an engine 1 is started and the car [ actuation ] by 
the motor generator 3 is assisted (steps S22 and S23). And a dc-battery 9 is charged as it is 
also at excessive energy (step S24). 

[0040] Moreover, when larger than the predetermined value alpha 2, the accelerator control input 
alpha suspends supply of the waste heat to the chamber 1 1 according a bulb to closing and a 
heat exchanger 15, while suspending the pump of the waste heat control units P1, P2, and P3 
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(step S25). Thus, by suspending supply of waste heat, it prevents that an intake-air temperature 
rises, a volume charging efficiency falls, and the output of an engine 1 declines at the time of a 
heavy load. 

[0041] Furthermore, control the valve timing of an engine 1 to a low compression ratio side, an 
engine 1 is made to start jump-spark-ignition operation, and the car [ actuation ] by the motor 
generator 3 is assisted (steps S26, S27, and S28). And a dc-battery 9 is charged as it is also at 
excessive energy (step S29). 

[0042] Since inhalation of air is heated using the waste heat from an engine 1 and CVT5 grade, 
and the electrical energy from the dc-battery 9 for motor generator actuation according to this 
invention in case self-ignition operation of the engine 1 is carried out as explained above, an 
engine 1 can raise an intake-air temperature to the temperature in which self-ignition operation 
is possible. 

[0043] By having been made to carry out by dividing into a respectively different chamber the 
heating heater 13 at which the heat exchanger 15 to which the waste heat from engine 1 grade 
is supplied especially, and the electrical energy from a dc-battery 9 are supplied, and dividing 
installation and inhalation-of-air heating into two steps, it is prevented that the heat supplied 
from the heating heater 13 escapes to a waste heat side through a heat exchanger 15, and it can 
raise an intake-air temperature as it is also at high effectiveness. 
[0044] Then, other operation gestalten of this invention are explained. 

[0045] Drawing 5 shows the 2nd operation gestalt. This uses two chambers 1 1 and 12 of the 1st 
operation gestalt as one chamber 21 collectively, and is made to raise an intake-air temperature 
by this one chamber 21 quickly. 

[0046] In this case, although it falls a little compared with the 1st example in which the heating 
heater 13 and the heat exchanger 15 are attached in the separate chamber since a part of heat 
supplied from the heating heater 13 escapes to a waste heat side through a heat exchanger 15, 
an equipment configuration is simplified and there is an advantage that a manufacturing cost can 
be reduced. 

[0047] In addition, even if it is the case where it considers as one chamber 21 in this way, as 
shown in drawing 5 , decline in the above-mentioned temperature-up effectiveness can be 
suppressed by detaching the heating heater 13 to the downstream of a chamber 21, and 
attaching in the upstream of a heat exchanger 15 and a chamber 21 at a chamber 1 1. 
[0048] Moreover, drawing 6 shows the 3rd operation gestalt. This operation gestalt has formed 
the bypass path 19 which can bypass chambers 11 and 12 and can introduce inhalation of air 
between a turbocharger 10 and an engine 1, and the bypass valve 20 which open and close it, in 
order to prevent knocking generating at the time of carrying out jump-spark-ignition operation of 
the engine 1 to the 1st operation gestalt. 

[0049] Thereby, when carrying out jump-spark-ignition operation of the engine 1, if a bypass 
valve 20 is opened, low-temperature inhalation of air can be supplied to an engine 1 without 
chambers 1 1 and 12, knocking generating is avoided, and it can respond to change of a load in a 
high response. 

[0050] In addition, although here showed the configuration which prepared the bypass path and 
the bypass valve to the 1st operation gestalt, a bypass path and a bypass valve can be similarly 
prepared to the 2nd operation gestalt, and the same effectiveness is acquired also in this case. 
[0051] Moreover, drawing 7 shows the 4th operation gestalt. That output torque is further 
equipped with the diesel power plant or the jump-spark-ignition mold gasoline engine 2 (the 2nd 
engine 2) transmitted to a change gear 4 with the above-mentioned self-ignition mold gasoline 
engine 1, the waste heat of this 2nd engine 2 is absorbed by the heat exchanger 22, and this 
operation gestalt is different from the 1st operation gestalt at the point supplied to a heat 
exchanger 15 through the waste heat control unit P4. 

[0052] Since inhalation of air can be heated using the waste heat and motor waste heat which 
were obtained by driving the 2nd engine 2 by having prepared such the 2nd engine 2 and a heat 
exchanger 22 and it can heat using the heating heater 13 further, the inhalation of air introduced 
into an engine 1 can always be maintained to an elevated temperature, and it becomes possible 
to always carry out self-ignition operation of the engine 1. 
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[0053] In addition, you may make it prepare the 2nd engine to the 2nd operation gestalt, and the 
same effectiveness is acquired also in this case. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the hybrid car with which this invention is applied. 
[Drawing 2] It is drawing showing the outline of the control pattern of the engine and motor 
generator to an accelerator control input (demand torque). 

[Drawing 31 An engine is drawing showing the field in which self-ignition operation is possible. 
[Drawing 4] It is the flow chart which shows the content of control in a controller 8. 
[Drawing 5] It is drawing having shown the 2nd example of this invention. 
[Drawing 61 It is drawing having shown the 3rd example of this invention. 
[Drawing 71 It is drawing having shown the 4th example of this invention. 
[Description of Notations] 

1 Self-ignition Mold Gasoline Engine 

2 Jump-Spark-Ignition Mold Gasoline Engine (or Diesel Power Plant) 

3 Motor Generator 

4 Epicyclic Gear Device 

5 Nonstep Variable Speed Gear 

8 Controller 

9 Dc-battery 

10 Supercharger 
1112 Chamber 
13 Heating Heater 
15-18 Heat exchanger 

19 Bypass Path 

20 Bypass Valve 

21 Chamber 

22 Heat Exchanger 

[Translation done.] 
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